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The experiinental worV for the following paper was done under the 
direction of Professor M. Gomberg in the chemical laboratory of the 
University of Michigan. During the entire course of the work Professor 
Gomberg has taken a constant and eathusiastic interest in its progress, 
and for this I wish to express my liaeerest appreciation. 
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ON TRIPHENYLMETHYL 



Bv u H. con. 



In igoo Prof. M. Gomberg discovered and isolated UiphenylnMthyl.* 
[n attemptinK to prepare hexaphenyletfaane by the action of metaia upon 
solutions of triphenylmethylchloride he obtained a very insoluble, crystal- 
line, colorless compound. This substance contained oxygen, and could 
tfterefore not be hexaphenylethane. As the only substances present in 
the reaction mixture had been triphenylmethykhloride, oxide-free metal, 
and the solvent benxene, the source of the oxygen present in the final 
product must be the air. The action of metals upon triphenylmelhyN 
chloride in benzene solution was then tried in an atmosphere of carbon 
dioxide. As somi as the metal, preferably zinc, came in contact with the 
J*benzene solution of the triphenylmethylchloride, this solution began to 
turn yellow. The reaction was allowed to continue till the benzene solu- 
tion was halogen free and the benzene was then evaporated in an oxygen 
free atmosphere. A solid hydrocarbon was obtained which Prof. Gora- 
berg has named triphenyfanethyl. This triphenylmethyl is powerfully 
unsaturated. A solution of it in any solvent when exposed to air will 
be decolorized in a few minutes and some of the same insoluble oxygen 
cootaimng substance, obtained in the first attempt to prepare hexaphenyl- 
ethane, will be formed. This oxygen containing substance has been shown 
to be a peroxide of trtphcnylmethyL ( A solution of triphenylmethyl. will 
also take up iodine very rapidly to form triphenylmethyliodide. /Tim 
strong unsaturaticMi of triphenylmethyl led Prof. Gomberg to assume that 
the action of metals npon triphenylmethylchloride consists simply in the 
removal of the halogen, the residue (CJI>)(C remaining as such in solution. 
The work, the results of which are given in this paper, was taken 
op in order to gain more evidence troip the physical and chemical pro- 
perties of tripbenthylmethyl upon which to base conclusions as to its 
comtitutioR. The method of preparati<m of the hydrocarbon, as worked 
out by Prof. Gomberg, is first given, then a study of its ^ysical pro- 
perties includit^ solubilities, melting point, molecular weight, and its 
electrical conductivity when dissolved in liquid sulphur dioxide. The 
chemical reactions studied are its oxidation to triphcnylmethylperoxide, 
including a number of the reactions of the latter, its addition reactiooa 



'Joum. Am. Cbem. Soc ^2, 757 (1900). 
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with a large numbcT of orgsnic esteri, ethers, kettMicf, hydrocarbons, etc., 
and finally its decomposition in benzene and carbon tetrachloride solutions 
under the influence of li^t' 

I. PREPARATION. 

On account of the strong affinity of triphenylmethyl for the oxygen 
of the air, special apparatus which will permit the use of an indifferent 
gas daring the entire course of the reaction is needed for its preparation. 
Such an apparatus was constructed some time ago by Prof. Gorobcrg 
and has been found to answer the purpose admirably. Following is a 
description of the apparatus as it is used. 

/4(Plate I)it an ordituiy Dreschel bottle, to which two three-way stop- 
cocks have been scaled. Twenty grams of triphcnylmethylchloride are 
placed in this bottle, and dissolved in lOO cc of benzene. Three or four rods 
of tine, about three inches long, are placed vertically in the solution. 
After a rapid stream of carbon dioxide has been passed throng the bottle 
to di^lace the air, the stop cocks are closed. In a short lime dark viscous 
drops of a double salt of zinc diloride with triphenylmethylchloride will 
begin to gather on the rods and flow gradually to the bottom of the 
Drechsel. By this flowing of the double salt from the vertical rods a 
fresh, large surface of the zinc is continually exposed throughout the 
entire course of the reaction. The reaction, which begins as soon as the 
zinc comes in contact with the solution of triphenylmethylchloride, con- 
sists first, in the formation of triphenylmethyl, due to the withdrawal of 
chlorine from the triphenylmethylchloride, and second, in the formation 
of a heavy, viscous, double salt of zinc chloride with untised portions of 
triphenylmethylchloride. The reaction may be represented as follows : 

2{CJi,).CCl + Zn = 2(C>H.).C.— + ZnCU 

(CJI.).CCl-fZnCl.= (CJi,)£CI.ZnCU 

It is thus evident that only two thirds of the triphenylmethylchloride 
employed in the reaction i* changed to triphenylmethyl. After the reaction 
is complete, A is connected with the apparatus B, as indicated in the 
figure. B is then repeatedly exhausted and refilled with dry carbon diox- 
ide, and finally, with B exhausted, the stop cocks C and b are so turned 
that the liquid in A is drawn over into B. A small additional portion 
of benzene is then drawn in through D, to A and then to B, m order to 
wash the zinc and the insoluble double salt free from adhering triphenyl- 
methyl. A is then disconnected from B. A rubber tube through which 
steam is passing is then wound around the lower half of B, and the 
benzene distilled off tmder diminished pressure. The receiver is packed 



'These results have already been published in four papers in the 
Berichte der Deutschen Cbcmischen Geiellschaft : J7, xi34i 3538 (iJXH); 
J*. 1333. 2447 (1905). 
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in ice in order to coiKlense the benzene. After the benzene has been 
completetf driven off, H ii discininected from the receiver, about 50 cc 
of hot acetone are added through the funnel E and the apparatus shaken 
vigorously till the lumps of triphenylmethyl are broken up. B is then 
filled with carbon dioxide and allowed to stand till the acetone is cold. 
The distilling flasic B is connected with a suction flask by means of the 
rubber stopper below G and by slightly turning the stop cock G the 
acetone may be drawn off, leaving the crystals in the flask B. Fresh 
portions of acetone may then be added through the funnel E and drawn 
through to thoroughly wash the crystalline mass in B. By alternately 
exhausting and refilling B with dry carbon dioxide, the solid product 
may be completely dried in the course of an hour. When dry, triphenyl- 
methyl is quite stable and may be exposed to the air for some tine 
without appreciable oxidation. The triphenylmethyl thus obtained is very 
pure and can be used for most experimental purposes. The solid is 
removed from B by cutting the apparatus open at c while a slow stream 
of carbon dioxide is kept flowing. 

SolubUilies: — As thus prepared triphenylmethyl is at first almost color- 
leas; but on standing it assumes a light yellow color which gradually 
becomes deeper. These changes take place a great deal faster when the 
substance is exposed to air than when it is kept in a dry, oxygen-free 
atmosphere. It is almost completely insoluble in petroleum ether, mono- 
chloracelic ester, and chlorcarbonic ester, slightly soluble in chlorbeniene 
and in benzylchloride, and in methyl and ethyl alcohols on warming. II 
is. moderately soluble in carbon tetrachloride and toluene in the cold 
but decidedly soluble on warming. It is fairly soluble in ethyl iodide 
and in ethylene bromide, while in chloroform and in carbon disulphtde it 
is very soluble both when hot and cold. 

Melting Point: — The melting point of triphenylmethyl must evidently 
be obtained in an atmosphere free from all oxygen. Several observations 
were made upon large quantities, 3 or 3 grams, but uniform results were 
not obtained so easily as by the following more simple method. A long 
melting point tube is bent in a U shape. A few millimeters of the tube 
are Hlted with triphenylmethyl while a slow stream of carl>on dioxide 
is kept flowing through it. One end of the tube is quickly sealed off and 
the other end is drawn out into a very fine capillary, long enough to 
project from the melting point apparatus, and then sealed off. The tub; 
is fastened to the thermometer with that portion of the tube containing 
the triphenylmethyl, usually the elbow, by the bulb of the thermometer. 
After the temperature of the bath has begun to rise steadily the pro- 
jecting end of the melting point tube is snipped off. The fineness of the 
capillary will prevent any backward diffusion even though the rise of 
temperature is slow. l%e melting point of even the purest sample of 
the hydrocarbon is scunewhat unsharp, extending over about two degrees, 

— 5 — 
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i. Cq from I4S-I47*- As th« melting point it approached the tripbcnyl- 
nKtbyl turns dark and upon melting gives a dark red liquid. 

DittiUalioM: — It was hoped that the hydrocarbon mi^t be staUc 
enough to stand distillation under diminished pressure, and thus afford 
an additional means of purification. This has not proven to be the case 
under the lowest pressure obtainable by a water pump. At igium pres- 
sure the hydrocarbon decomposed at about 306*. A considerable quantity 
of tripbenylmetbuie, along with a yellowish oil and vapor came over- 

II. MOLECULAR WEIGHT. 

The choice of an indifferent gas to be used in the molecular weight 
determinations depends upon its insolubility in the solvents to be employed- 
. Carbon dioxide is relatively quite soluble in many organic solvents and 
for this reason its use is entirely barred. For example, it was found 
that a very short e;4»osure of beniene to an atmosphere of this gas 
lowered the freezing point of the solvent as much as as'. After some 
experiments nitrogen was selected as being the most suitable gas for 
the purpose. 

Beckmann has lately shown that his electrical mechanical stirrer gives 
very satisfactory results with the freezing point method.' His apparatus 
has served admirably in determining the molecular weight of triphenyl- 
methyl because it facilitates the exclusion of oxygen. 

The freezing point apparatus was constructed as follows: In the 
rubber stopper carrying the Beckmann thermometer a small btAc was 
bored at one side so that the thermometer would still remain centered in 
the freezing point vessel. Through this hole was passed one arm of a 
T tube, the other two being, one for attachment to the drying train and 
the other, carrying a (top cock, to the pump. The freezing vessel was 
carefully cleaned, the ordinary Beckmann two-ring stirrer inserted, and 
the stopper, carrying the thermometer and T tube, sealed in place with 
wax. The vessel was then placed within the ring of the magnet, and 
the magnet allowed to, rest upon a plate of asbestos. The freezing bath 
was on an adjustable stand and could be raised and lowered according 
as it was necessary to freeze or thaw the solvent. With hig^ boiling 
solvents such as nitrobenzene, the freezing vessel was exhausted and 
refilled with nitrogen after the solvent had been added, but with benzene 
the air was first replaced with nitrogen and the solvent then run in 
through the side arm, while a stream of nitrogen was flowing to prevent 
the entrance of air. The nitrogen before entering the freezing vessel 
was passed, through alkaline pyrogallol and then carefully dried by means 
of sulphuric acid, soda lime, and calcium chloride. 

In cdrrying out a detcmiination it is necessary to maintain a con- 



'Zeitschr. fiir i^ysikal. Chcm. 44, 169 (1903). 
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stant pressure on the bulb of the thermometer of very decided variatioas 
in the height of the mercury column will reaulL Beckmann' has called 
attention to the influence of pressure on the bulb of the thennometer in 
a general way but a few observations made during the carrying out of 
the present piece of work show clearly bow great this effect of pressure 
may be. It was found that an increase of pressure on the bulb of the 
thermometer used in this work equal to 6tnm of mercury would produce 
a corresponding rise in the^reading of the thermometer of olooi". If in 
the use of the Beckmann stirrer the freezing vessel is t^^htly closed at 
room temperature and then cooled down to the freezing point of benzene^ 
It decrease within the vessel of as much as 35mm of mercury may resulL 
If the vessel be then opened when still cold, as is usually done, and the 
substance to be experimented upon added the pressure will be nearly 
atmospheric at the next reading. By using this very procedure variations 
of as much as ojooz-oxK34° were readily obtained in the freezing point 
of the pure solvent, when under constant pressure the freezing point did 
not vary appreciably. In very accurate work this is not a negligible error 
especially as it may be so easily avoided. When air is used as an atmos- 
phere the only safe way is to have some method of equalizing the pressurt^ 
such as a stop cock in the side arm. When using any other atmosphere, 
as for example nitrogen in this work, the gasometer pressure must be 
kept constant duiing any series of readings. By observing this precan- 
tion, we obtained very satisfactory results with the Beckmann stirrer. 

In all of the molecular weight determinations tripbenylroethyl wbidi 
had been purified by washing with acetone, was used in the fomi of 
tablets. To prepare these tablets with the minimtun amount of oxidatioa 
the dry hydrocarbon was poured directly from the apparatus B, above 
described, into a tube of about icm internal diameter. A carbon dioxide 
generator was connected with this tube so that whenever it was opened 
a stream of gas passed through. Successive portions of the substance 
were shaken out into a pellet machine, quickly compressed, and dropped 
into a test tube filled with carbon dioxide. By placing the tightly stoppered 
test tubes in a dessicator filled with carbon dioxide, the pellets could 
be kept for a number of days in comparative purity. 

A large variety, of solvents were used in the molecular weight deter- 
minations in order to be sure that the results were not in any way 
influenced by the nature of the solvent. The solvents employed were: 
(1) benzeiK and nai^thalene, (a) nitrobenzene, (3) dimethylanilinc, (4) 
p-bromtoluene, and (5) phenol. The benzene and na^thalene were the 
purest obtainable, the beniene carefully fractionated and the naphtbalene 
carefully resnUimed. Nitrobenzene has been investigated as a Mhrcnt 

'Zeitschr. fur physikal. Chem. 44, 180 (1903)- 
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for the cr]ioscp{nc method by G. Ampolla and Carlinfanti-* From their 
experiments they have found the cotutant 69.07- The nitrobciucne for 
our work w^ prepared from Kahlbaum's thiophene free- benzene. It waa 
dried and carefully fractionated three timea, the final product distilling 
within a range of 0.4'. The dimethylaniline (Kahlbanm's) was carefully 
fractionated. This solvent tuu been used by G. Ampolla and C. Rlmatori* 
and they have determined the constant to be 58. The p-bromtoluene was 
made from Kahlbaum's toluidine by the Sandmeyer reaction. It was 
repeatedly fractionated till the final product was colorless and crystalliicd 
homogeneously. Fatemo' has investigated this solvent and deduced the 
constant 83.3. The phenol was a completely anhydrous sample distilled 
under diminished pressure within i'. Its constant is 7a. Tests with 
known substances were made to determine the purjty of these solvents. 
The molecular weight of naphthalene, when dissolved in the nitrobeniene, 
was found as 139, and when dissolved in the p-bromtoluene was found 
as 135 (calc. I3jt). When dissolved in die dimethyl aniline the benzene 
gave a value of 774 for its molecular weight (calc 78). 

From the tabulated results of the measurements made upon triphenyl- 
methyl given further on, it will be seen that the values obtained with 
some of the solvents vary considerably from the mean. This is especially 
true of naphthalene which' gives values uniformly too low. The high 
temperature of the melting pmnt of the solvent, 80*, suggests possible 
decomposition. Phenol was a very unsatisfactory solvent, because it 
required innoculation and this could be done only with difficulty under 
the condititMis of our woric In addition some other undetermined factor 
caused the freezing point of that solvent to fall steadily after the first 
addition of triphenylmethyl. The single result given for phenol is the 
one Obtained from the first freezing after the only addition of the hjrdro- 
carbon made. The mean result with p-bromtoluene (495.6) is a little 
highor than the general average. This solvent, as it freezes at about 35", 
can be worked with at room temperature, thus eliminating many trouble- 
some precautions as to constancy of the bath. Nitrobenzene, giving a 
mean result of 487°, and benzene that of 491-6°, were both very satisfac- 
tory to work with. One may be substituted for the other vrithout change, 
either of the bath or of the thermometer setting. For some unaccountable 
reason [he results obtained from dimethylaniline were somewhat variable. 
The same tendency to variation is shown in the molecular weights of a 
number of substances as found by Ampolla and Rimatori.* The mean of 
die values which we have obtained for triphenylmethyl in dimethylaniline 
is 474.9. 



'Gaiz. chim. Ital. 16. II, 76 (1S96). 

'Ibid a?. I, 51 (1897). 

*Ibid. 26, II. I (i8g6). 

•Gazz. chim. Itat 07, I, 53 (1897). 
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In no case was the triphcnylmethyl more than two days old. VfHh 
7 samples, of the bydrocafbon the preparation and the detcrminatioBS 
were made the same day. The solntions of triphcnylmethyl seldom showed 
more than a iMce of the peroxide and then only in the more concen- 
trated solutions. The results of the measurements arc given in the 
following table. They are numbered in the order in which they were 
obtahied. 
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The results as given show clearly that triphcnylmethyl in solution 
consists of some Idod of a double molecolc. We attempted to determine 
whether this doubling up is caused by the process of isolation of tri- 
pheylmethyl, or whether the hydrocarbon exists in thb condition imme- 
diately upon its formation. If the latter is true, then, having determined 
the freezing point of the pure solvent, that of a solution of known strei^th 
of triphenylchlormethane in that- solvent, and, having added some metal 
whose chloride is insoluble, we should expect the freecing point of the 
solution to rise as the triphenylffietfayl is formed. When the reaction is 
complete the depression of the freezing point shoald be exactly hall Qf 
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that for the wliitlon of the chloride, provided that the dii^tlecuUr "tri- 
phen^meth^" is the only product formed. The number of molecules in 
xriotion will be conthitiatljr decreuing during the oonrK of the reaction 
and finally will become only half of the original. This change in the 
immber of the molecules may be followed by observing the corre^twding 
change in the freezing point depression. The percentage of change can 
(A— ^') .a. 100 

be found at any time by Ott formula X^ where A is the 

A 
d^ression of the freezmg poiM of the scdvent by the tripbenylmethyl- 
cbloridc and A' is the observed varying depression after the metal has 
been added to the solution. Nitrobeaxene was chosen as the solvent and 
silver as the metal for testing the reactioti; The effect of molecular silver 
was first tried upon the freezing point of the pure sohent The effect 
found was so small thai it seemed unnecessary to introduce any correction. 

In the appended tables are given two series of experiments with 
nitrobenzene as the solvent While other solvents were tried, in none of 
them did the reaction seem to take place as rapidly. A great many 
variable factors enter in, such as the surface of the silver, the rate of 
stirring, the temperature of the reaction, etc We hope later, however, 
to take up a more thorough study of the reaction by this method. 

Tables in which are shown the decrease of the freering point depres- 
sion of a triphenylmethylcbloride solution as triphenylmethyl is formed. 
o.4586g TriphenylmeOiytchloride, dissolved in ao.ojg Mitrobenzene, 
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o.8i6ig Triphenylmethychioride dissolved in 16.94s Nttrobencene 
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The figure* given in column five aa the experimenUlly observed 
value* of the molecular weight of the mixture are calculated upon the 
amount of trifrfienylmethjrichloride taken at the beginning of the experi- 
ment. Calculated upon the basis of trjphenjimethj^ each value would be 
onlj 874% of the one given. The final result for triphenjlmethrl would 
then be, in table A : 444.3 and in Table B : 453. 

The important fact brought out by all of the molecular weight tables 
is, that in solution, even at the time of formation triphcnylmethrl has a 
molecular weight twice that which has ordinarilr been assumed for it. 
Some time ago a few molecular weight determinations were made bj Prof. 
Gomberg,* which gave indications of a dimolecuUr structm-e, but nothing 
definite enough was obtained to warrant a diange of constitutional formula. 
The formula (CJii)iC which has been used was the best expression of 
the facts then knovm. The bearing of the new fact upon the accepted 
view of the constitution of triphenylmethyl will be discussed further oa 
in this paper. 

III. CONDUCTIVITY. 

It has previously been shovm* that triphenxlmethyl salts, sudi as 
the halides, are good electrolytes. when dissolved in certain ioniiing sol- 
vents, especially liquid sulphur dioxide. Walden* has also shown that 
tripenylnsethyl itself possesses considerable electrical conductivity. 
The sample upon which he worked was rather old, having been prepared 
in this laboratory and sent to him. This may perhaps account for the 
nonuniformity of the results which he has obtained The conductivity 
of the hydrocarbon has been now measured on freshly prepared samples, 
carefully recrystallized from a mixture of chloroform and petroleum ether. 
The results which have been obtained agree among themselves within the 
limits of error of the experiment and prove beyoud any doubt the remark- 
able fact that triphenyhnethyl is, under these conditions, a good electrolyte. 

After this work upon the conductivity of triphenylmethyl had been 
all completed and the results published, it was found that triphenylmethyl 
crystallized from petroleum ether contains a portion of the solvent held 
in some form of cotnbination. (See page 34-) As the tripbeiqlmetbyl 
used in making these conductivity measurements had all been crystallized 
from a mixture of chloroform and petroleum ether it may have contained 
as much as 15% of cMnbined solvent. An analysis made upon a small 
quantity of the crystals of triphenylmethyl which had been sealed up at 
the time of nuking the conductivity measurements showed that they con- 
tained 9% of volatile matter. A special experiment showed that the 
hydrocarbons from petroleum ether which combine with triphenylmethyl 
do not in themselves possess any conductivity when dissolved in liquid 
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sulphur dioxide. The error produced therefore by the presence of thesi 
impurities is in such a sense that the conductivities «re probably smallc: 
by from iO-iS% than they should have been for pure triphenylmetfayl 

The cell used in the conductivity measurements is abowi 
in Plate III. The electrodes, both atuched to the sane Y tube 
are ixi-S cms, cScms apart. Connection is made t>y a drop of mercur] 
in the bottom of each arm, into which carefully insulated wires lead. Thi 
outer ends of these wires are sealed into small tubes which, tilled witl 
mercury and fastened to the electrode stem, serve as outside contacts 
The electrodes were only slightly platinised. The constant of the cell wa: 
determined by a hundredth normal potassium chloride solution at 35* C 

Ctnnmercial sulphur dioxide was carefully dried bj means of aulphuri< 
acid and phosphorus pentoxidc, and condensed directly in the cell. The 
volume of solvent was determined from its weight, according to WaJden's 
practice.* All of the measurements were made at o". A solid rubber 
stopper was employed in the side arm of the cell. To hold it in place 
against the internal pressure, a piece of rubber tubing was wired to the 
side arm, and compressed about the stopper by a wire each time before 
the temperature was raised. 

The method of procedure was as follows. A carefully recrystallized 
sample of triphenyl methyl was prepared, and successive small portions 
were sealed in tubes of about one mm. internal diameter, filled with 
carbon dioxide. The tubes being very tight, it was possible to determine 
the amount of substance with a certainty to o.i mg. About 35 cc. of 
sulphur dioxide were condensed in the cell, and the volume determined 
by the gain in weight. The cell was then placed in a thermostat iilled 
with fine ice and distilled water, and allowed to remain till the conductivity 
of the liquid became constant. After being i^ain cooled in a freezing 
mixture the first addition of trtphenylmethyl was made. The cell was 
then returned to the thermostat, and readings taken at intervals till they 
became constant, which usually took about tiftecn minutes. The additions 
of the hydrocarbon were repeated under the same conditions, till the 
solution began to show visible signs of peroxide. The first addition, even 
though as small an amount as 0.8 mg., gave the solution a strong yellow 
color which grew deeper with successive additions. 

To test the combined effects upon the conductivity of the liquid 
sulphur dioxide of the moisture absorbed during the various openings of 
the cell, as well as of the carbon dioxide poured out of the tubes with 
the triphenylmethyl, a blank experiment was carried out. This experiment 
was performed under exactly the same conditions as were involved in 
the actual measurements, except, that no triphenylmethyl was added. 
Five successive openings of the cell were made at intervals of an hour 
and it was found that the specific conductivity of the sulphur dioxide was 
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thus railed from 04X10^ to onlj 0.7X10^. ui error mach unaller than 
many otheri involved in the actual meaitireineiits. 

The results as obtained are given in the following Uble. Each set of 
measurements was made apon an entirely fresh sample of triphenylmetbyl 
sealed up as soon as prepared. 

Conductivity of Triphenylmetbyl in Liquid Sulphur Dioxide 

ato°. H = 486. 

(4 Different Sets of Measurements.) 
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The resuhs of the measurements are best shown v 
curves(Plstell). They are plotted from the results calculated upon a ba«s of 
486 as the molecular weight of triphenylmethyl. That the curvet do not 
coincide at high dilutions is not strange, The many sources of error 
iidierent in the method render exact determinations, such as are made for 
the inorganic salts, well nigh impossible. The molecular conductivity of 
the hydrocarbon increases regularly with the dilution, similarly to inor- 
ganic electndytes, and reaches a maximum value at about 80^ when the 
dilution is above 3,000 liters. 

IV. FORMATION AND REACTIONS OF TRIPHENYLM ETHYL- 
PEROXIDE, 
t. FoaUATiON or thi pnoxioe. 
It has been shown' that the oxidatitHi of triphenylmethyl by atmos* 
pheric oxygen results in the formation of triphenylmethylperoxide, the 
reaction presumably taking place as follows: 

[(CJi.). C]. + 0.= {CH,). C-OO-C (OH.)- 
There are two methods by which this reactioo may be studied, the 
determinatioa of the amount of oxygen absorbed by a Imown wei^t of 
trii^enylmethyl, and by weighing the peroxide formed by exposing a 
known amount of tripbenylntethy] in solution to the action of oxygen. 
Both methods have been en^loyed. 



*Bcr. d. cbcm. Ges. 33, 3154 (igoo). 
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Abtorptio* of Oxyitn by Trifihenytmttkyl.—to hkmuk die absorp- 
tion of oxygen by triphenylmctfayl an apparatni timilar to ChU uied by 
Ettgler and Wild' hu been employed. Frethly prepared umplet of tri- 
phcnylmethyl were weighed out in an atmoqihere of carbon dioxide in. 
thin walled test tubes. Siiux carbon dioxide it very loluble in the >ol-| 
vents employed the tubes were evacuated and filled with nitrogen, then! 
with the desired solvent, and finally sealed. The displacement of carbon, 
dioxide by nitrogen was found necessary because any dissolved carbon 
dioxide, on account of its partial pressure, would lead to errors in the; 
measurements of the absorbed oxygen. The tubes were then placed in 
a 250 cc absorption flask containing 50-60 cc of the respective solvent 
This absorption flask was immersed in a large tank of water which was 
kept at room temperature and was connected by thick walled rubber 
tubing with a water jacketed gas burette in which mercury was used as 
the displacing liquid. The apparatus was then filled with oxygen and 
the tube containing the triphenylmethyl was broken by shaking the absorp- 
tion flask. Absorption of oxygen began at once and was usually com- 
plete in less than two minutes. Benzene, toluene and nitrobenzene vrere 
employed as solvents. Toluene was most satisfactory owing to its low 
vapor pressure and to its stability towards oxidizing agents. Nitroben- 
aene gave results uniformly too high, owing probably to some action of 
oxygen upon it Blank experiments ahowed that amounts of nitrobenzene 
equal to those which were used in dte actual experiments would take 
up from 1-3 cc of oxygen. Results of the experiments are given in the 
appended table (A). The values for the vapor pressure of bemene w«re 
taken frtnn tables prepared by Young* and the tension of toluene was 
determined by ourselves. 

As is apparent from the table different samples of triphenylmethyl 
varied somewhat in their power to absorb oxj^n, but the determinations 
made on any one product agree well among themselves. Considering the: 
ease with which the peroxide is likely to be formed during dK preparation 
of the hydrocarbon, as well as the effect of sunlight upon the latter, the 
results seem to warrant the interpretation that the oxidation of triphenyU 
methyl by molecular oxygen is quantitative according to the equation given 
above for the formation of the peroxide, at least in so far as die amount 
of the absorbed oxygen is concerned. 

Weighing of the Peroxide. When the peroxide formed t^ the oxida- 
tion of triphenylmethyl is collected and weighed the quanti^ is always 
found to be less than that required by the theory. The table below(B)con- 
tttins the results of experiments carried out under two different sets of 
conditicMta. The first series were obtained by allowing tbe solutions, after 
t of the absorption of oxygen as given in the previous 



'Ber. d. chem. Ges. 30, i6?3 (i8»). 
'Joura Chem. Sot 55, joi (1889). 
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Abiorption of Oxygw by TriphenylmrthyL 
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table, to cv^orate epontaneouily, and weighing the residue after « 
it with ether in which the peroxide i« ituohible white the oily products 
are very Bfrfuble. The second (erie* was obtained by nierely exposim 
■ointions of the hydrocarbon to air and, after oxidation was cmnplete, 
proceeding as above. 

TABLE B. 
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weiBhing, is formed to the extent of only abont 8s% of tlie tbeoiT white ' 
the arttial abiorptum of oxygen ia Tcry nearly that indicated by a quantita- 
tive formation of the peroxide. According to Bngler,' peroxidet are the 
first products fonned in the autoxidation by atmospheric oxygen and 
these then may imdergo internal oxidation either at once or at a slightly 
elevated temperature, as is the case for instance, with pinene. It is prob- 
able that this also happens in the case of triphcnylmethyl, and ^>out ao% 
of the peroxide in its nascent state is thus decomposed, giving rise to oily 
products soluble in ether. We have made no examination of this <m1 
further than to determine that it contains about the same amount of 
oxygen as the peroxide itself. 

3. UAcnoMs or the pEioxiDe. 

Reaction with S»lphmrie Atid. When triphenylmethylperoxide ii 
treated with omcentrated sulphuric add an intensely colored solution is 
obtained. This solution probably owes its color to the presence of tri- 
phenylmethylsulphate formed according to the following equation, , 

(CH,). C. O. O. C (CH,). + H£0. = [ (CH.). CJ. SO. + H,0 + O. 
The oxygen which b produced according to this equation oxidizes a 
portion of the triphenylmethylsulphate and this aixraunts for the yield of 
only about 80% of carbinol that can be obtained by adding water to the 
sulphuric add solution. Although it was not possible to isolate the sul- 
phate directly from this sulphuric acid solution, it was obtained from 
tripfaenylmethylchloride and silver sulphate. I<iquid sulphur dioxide was 
employed as the solvent for carrying out this reaction because of tlie 
very slight solubility of the triphenylmethylsulphate produced in organic 
solvents. The sulphate as thus prepared is a dark red substance forming | 
intensely red solutions which rapidly decolorize in moist air, hut are 
perfectly stable in dry air. When the solutions arc decolorized by moisture 
the products of hydrolysis are trijdienylcarbinol and sulphuric acid. 

Analysis of the sulphate gave the following results: 
0.3393 G Sbst. gave 0.1001 G BaSO. 
[(Caii)tC],SO. Calculated SO*. 16.51 Found 17.97. 
The too high results were caused by the presence of traces of sulphur 
dioxide which could not be entirely removed. The salt-like nature of the 
compound is demonstrated by its large conductivity when dissolved in 
liquid sulphur dioxide, ^^ = 49. 

Reactions of the Peroxide uiitk Halogent. When tripheny I methyl - 
peroxide is suspended in chloroform and treated with an excess of bro- 
mine, a violent reaction suddenly takes place with evolution of heat, and 

' Ber. d. dici». Gcs. 31, 3053 (1898). 
— 16— 
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« daric-ied cn-ataHiiM -bodjr looa scpantn ouL This is tr ip h wylb ro m - 

methane peiilsbroniide.' It is reiy unstable, the "perbromine" beins ginn 
off readily, and can be titrated with sodium thioiulphate in presence of 
potassium iodide. 

C Ha Br Bri Calcntated Br. 55 ja Pound 56JS2. 

When to the peroxide suspended in carbontetrachoride only the cal- 
culated quantity of bromine (1 moL wt) is added and the solution heated 
oa the water bath, the peroxide soon goes into solution fonning triphenyl- 
methylbromide. By suspending the peroxide in a chloroform solution of 
iodine and adding bromine, products of varying composition may be 
obtained. In presence of a large excess of iodine triphenylbrommethaiM 
pentaiodide is formed. 

With chlorine no reaction takes place unless a halogen carrier is 
present 18 grams of peroxide and i gram of iodine were heated in 
boiling carbontetrachloride for three hours, while a stream of chlorine 
was passed through the liquid. After evaporation of the solvent an oily 
mass remained in whidi crystals of triphenylmethylchloride soon began 
to form. 7 grams of the chloride were obtained corresponding to a yield 
of 40%. 

RtaetioH with Phot^honu Pmtachloridt. When triphenylmethylper- 
oxide is heated with i^osphoruspenlachloHde there is no reaction till a 
temperature of 100° is readied, when the peroxide changes into an o3 
with formation of large quantities of faydrocliloric add, but without evolu- 
tion of oxygen. The first step in the reaction probably consists in the 
formation of triphenylmethylchloride and free oxygen. The oxygen then 
in turn oxidizes some of the triphenylmethyldiloridc to beniophenone which 
is immediately changed into the dichloride by the phosphorus pentachloride 
present. Tbe hydrodiloric add must be produced by substituting action of 
the phosphorus pentachloride upon some of the products. That benzo- 
pbenoDe dichloride and triphenylmcdiylchloridc are the main final products 
of the reaction seems to substantiate the above ex[rianatioa. Besides these 
two products there is always formed a small amount of diidienylene^cnyl- 
methane. This is produced by the heating of triphenylmethyldiloride with 
phosphorusoxydiloride; as was proven in a blank experiment. In the 
residue remaining after the removal of tbe above products there was 
always present some highly chlorinated products which were not identified 
It is during the formation of these that the hydrodiloric add is probably 
produced. 

'Ber. d. dicm. Ges. 35, 1831 (igra). 
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V. COMPOUNDS OF TRIPHENYLMETHYL WITH QS-GAUK 
SOLVENTS. 

In a prcvions paper* it was shown that triphenjrlniethyl combines with 
certain esters of acetic add to form crystalline compoands. The constant 
molecular ratio in which the ester* and tbe Iriphemrlnietbyl combined, as 
well as the comparative stability of the Gompounds when once formed, led 
to tbe assumption that in these compounds one of the oxjgen atoms of 
tbe carboxyl groups bad become tetravalent. A further study of this 
reaction has been taken up in order to determine whether the formation 
of compounds with triphenylmethyl takes place in general with the esters 
of other acids. Experiments have been made upon a large number of 
esters and tbe results obtained are given below. We have found in 
addition, that triphenylmethyl combines with ketones, ethers, nitriles, with 
aromatic, and also with unsaturated aliphatic hydrocarbons, and even under 
certain conditions with carbm disuliriiide and with some ooastitueut of 
petroleum ether itself. 

I. COMPOUNDS OF TRIPHENYLHeTBYI. WITH ESTttS. 

The reaction of tripbenylroethyl with esters has been studied upon 
a scries of esters of formic, acetic, propionic, butyric and valeric acids, 
upon esters of dibasic acids, and also upon a few aromatic esters. 
Triphenylmethyl was prepared as previously deaciibed. After tbe benzene 
had been evaporated from the triphenylmethyl, in the apparatus B, described 
above, the warm ester was added in suBScient quantity to give a dear 
solution. The bulb containing. tbe solution was then set aside in a cool 
place, carefully protected from light. In a number of cases petroleum 
ctber was added to hasten crystallization. After crystallucation was com- 
plete the mother liquor was removed by suction and the product washed 
with the same ester which had been used as a solvent, exrapt in those 
cases where the ester boiled above 80* when volatile petroleum etherj 
instead of the esters, was used for washing. The crystals were then dried 
by exhausting the apparatus in which they were contained, and allowing 
a slow stream of dry carbon dioxide to pass over them, as described in 
the preparation of pure triphenylmethyl. Host of the compounds thus 
obtained were analyied by beating weighed quantities (i-3g.) in a stream 
of carbon dioxide at temperatures from So-iao', depending upon the boiling 
points of the combined esters. This gave tbe loss of wdght doe to the 
volatilization of the esters, and as these were driven off they were con- 
densed and saved for idcntiHcation. An indirect method of analysis was 
employed for the compounds of those esters which boiled above 130-140°, 
owing to the fact that triphenylmethyl gradually decomposes at that tem- 
perature with the formation of triphenylmethane, which at that tempera- 
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tare is kpprcciablr robtilc. Tli» indirect method couBiated in weiglunc 
the peroxide fonned from known quantities of the cater compoaftda. 
Nnmeroua experimeota npon the oxidation of pore tripbenrbnethjl and 
alao npon its compounds with the more volatile eatera, have shown that 
the yield of peroxide, while not Mrictlj a constant, seldom varies far from 
85-86% of the tbeoretiol. (Sec table, page 33.) From the amonnt of 
the peroxide, then, the percen ta ge of triphen/bnethyl and etter in the 
oritnnaJ compound may be roughly calculated by nac of the factor 85.5%. 
After the work had been finished upon the complete aeries of esters 
and aromatic hydrocarbons, it was found that under the conditions of 
our experiments tripbenylroethyl might give compounds with petroleum 
ether. Inasmuch as warm petroleum ether bad been used to facilitate 
cryatallizalion from many of the eater and hydrbcarbon solutions, this 
. discovery necessitated a complete revision of the work. The conditions 
under which triphenylmethjl does not combine with petrdcum ether were 
first determined, and then, under these new conditiona all the experiments 
in which petroleum ether had been used in the original work were repeated. 
The results as obtained are given in the table below. For the sake of 
brevity only one analysis is given for each ester compound althou^ 
dypTicates were always made both in preparation and analysis. 
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Prom the results in the table it is apparent that the coinbiiiatioo of 
triidienybnethrl with esters is a very general reactiDn. Uethjri and ethj-l 
formate were the only two esters of all those examined with which com- 
bination did not take place. Two reasons may be assigned for the apparent 
anomaly of these two esters. First, the exceptional character of formic 
acid, with only one hydrogen atom attached to the carboxyl, makes itself 
felt in these lower esters, while its peculiar nature is masked bj the 
heavier alkyl groups above ethyl. Second, the dissociation points of the 
triphenylmelhyl compounds of these two esters may lie below the room 
temperature. The dissociation temperatures of the ester compounds are 
in general low, depending upon the boiling points of the esters. This 
fact was apparent in the preparation of a number of the compounds, 
for if crystallisation began while the si^ution was still warm (So-To') 
a very low percentage of combined ester was found, and in some cases 
ever pure triphenylmethyl separated out When however crystalliiatioa 
from solutions of these same esters did not begin till they had cooled 
to room temperature, the percentage of ester found in the compounds 
agreed nearly with the theoretical. The compounds when once obtained 
in the dry state are stable at ordinary temperatures and give up their 
combined eater very slowly even in a vacuum. In an indifferent atmos- 
phere they may be preserved indefinitely. 

The compounds of triphenylmethyl with the more volatile esters are 
clearly shown by the table to consist of one molecule [(CtH>)iC)( in 
combination with oac molecule of ester. The experimental conditions under 
which the c<»npounds of the higher boiling esters were prepared were 
such that the results were not so reliable, for the reason that the washing 
of the products with petroleum ether to remove he non-volatile solvents 
also removed more or less combined ester from the surface layers of the 
crystals. The results for these eaters are therefore lower than the theory 
demands. The oxidation method of analysis was used for the compounds 
with the esters of dibasic adds. The results dtow qualitatively that only 
one carboxyl group is involved in the reaction. As only the esters of 
the lower dibasic acids, in which the carboxyl groups are close together, 
were used, such a result is not surprising. Baeyer and Villiger found in 
their work upon oxonium salts' that such esters of dibasic acids as those 
used in our work take up only one molecule of acid when they fofm 
salts, thus involving only one carboxyl group. 

a. COMPOUNDS OS TUPHSMyI.HETBV[. WITH KSIONtS. 

It has been shown that pure triphenylmethyl can be obtained by 
recrystallization from either acetone or from methyl or ethyl formates. 
We now find that acetone is an exception in this respect among the ketones 
just as the formates of ethyl and methyl are apiong the esters. AH other 
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ketones examiiKd enter into combination with triphenylmethjr]. Even 
methylethyl ketone, the next higher homologue of acetone, combines with 
triphenylmethyl VC17 reuUly. 

All of the compounds with ketones were prepared by dissolving the 
triphenylmethyl in the pure warm ketone and allowing this solution to 
stand in a cool, dark place till cry stall iiation was complete. The presence 
of all fofeign solvents sudi as petroleum ether, carbon disutphide, etc., was 
completely avoided, except that in the linal washing of the crystalline 
products petroleum ether was sometimes used. There can therefore be 
no <)uestion as to what solvent was in combination with the triphenyl- 
methyl. The results obtained with various ketones are given in the fol- 
lowing table : 

XMmcfroB which Componod of 

TilphniylineUijI TrlpfaeajrlnutbiFl 

WM rccryitaUlccd -f'^'to''* ta^" 

Acetone 3-3*5 

Methyl-ethy] ketone i.gcB 

Di-ethyl ketone a. 609 

Methyl-propyl ketone ^'3'^ 

Methyl-butyt ketone 3.834 

Di-propyl ketone 1.338 

Acetyl acetone 1.304 
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Methyl-hexyl 
Acetopbenone 

From the table it is apparent that the combination of ketones with 
triphenylmethyl is, with the exception of acetone, a very general reaction. 
The mcJecular ratio of the triphenylmethyl and ketone in all the com- 
pounds is that given by the empirical formula [(CtHi)iC]i-|- I Molecule 
Ketone. The per cent of combined solvent obtained for some of the 
compounds with the highest boiling ketones falls somewhat below the 
theoretical, probably because the washing with volatile petroleum ether 
necessary to remove adhering solvent from the surface of the crystals 
also removed some of the combined ketone. 



S OF TRlPHENyLMCTHVL WITH STHEIS. 

In a previous paper* several compounds of triphenylmethyl with ethers 
were mentioned. SiiKe then the behavior of triphenylmethyl toward a 
mudi larger number of ethers has been investigated and it has been found 
that the same generality of combination exists in this case as in the case 
of the other oxygen containing solvents. The results as obtained are 
given in the table below. 



'Jonnt. Am. Chem. Soc 34, 601 (tpoa). 
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Air of the compounds of triphenylmethyl with etbeira, except dipropyt, 
contain ether and triphenylmethyl in the same molecular ratio as has bees 
observed for the ester and ketone compounds i. e., that ^iven by the 
formula [(CiHi)iC]i+ i Molecule Ether. For some unaccountable reason 
dipropyl ether did not ^e «>nstant results, the ether content being low, 
in one sample only 3%. The crystalline product obtained was probably 
a mixture of pure triphenylmethyl with some of the propyl ether-compound. 

The behavior of aldehydes toward triphenylmethyl still remains to 
be examined. One experiment has been made in which triphenylmethyt 
was reciystallized from iso-butyl aldehyde. The product obtained lost 
only slightly in weight on heating, and on oxidation gave an amount of 
peroxide which indicated that triphenylmethyl did not combine with this 
particular aldehyde. The possibility of cibtaining triphenylmetbyl-aldehyde 
compounds will, however, be further investigated as soon as posubk. 

4. COllFOONDS OF TBIPMINrLurrBVL WITH nrhus. 

Only three representatives of this class have been studied, i. e., propio-, 
aceto-, and benzo-nitrite. With the aceto-nttrile no compound could be 
obtained, owing probably, to the very slight solubility of triphepylmethyi 
in this solvent wben ndd which prevented obtaining a solution of any 
great concentration below the point of dissociation of the compound. In 
order to-increase the solubility a mixture of chloroform and aceto-nitrile 
wa» used as solvent but the crystalline compound oUaioed contained only 
about 1% of volatile matter. With propio- and bcnzo-nitriles compound* 
of triphenylmethyl can J>e obtained irtth great ease. TripbeOylniethyl ia 
fairly soluble in pro[Ho-nitrile and the solution on standing in a cool place 
deposits clear colorless crystals. 
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i^gqB g. ShM. htttcA to lao* lost oaoj g. 

CwnlMDed prajrio^trile 

Poond 10.74%. Cak. for [(C4H.).C].+ I Mol. Nitrile iat6%. 

Altbou^ triidienjrlmethyl is Icsi soluble in benxo- than in propio- 
nitrile, soludons in the fonner solvent can be easily obtained from which 
crystals do not begin to separate till the solutions have cooled to room 
temperatHre. Of all the addition compounds of tHphenylmetfayl which 
bare been prepared the benzo-nitrile is by far the most colorless. From 
a concentrated solution the compound separates out in fine snow white 
needles whid^ after drying, will, in an inert atmosphere, remain almost 
colorless for an indefinite period. 

(1) 1.657 g. Sbst heated to 115* in a vacuum lost 0.153 g. in weight 
(3) 1.33s R- Sbst gave i.ooo g. peroxide. 

Combined bemo-nitrile Found Calculated for [(C*H.)tC]t + 

<i) g.17% I Mol. Nitrite 17.83%. 

(a) io.aS% Calculated for 3[(C>H.)iC].+ 

I Mol. Nitrile 9.58%. 
These analyses indicate that the compound fonned with beiuo-nitrile 
contains two molecules of triphenylmethyl to one of the nitrile. Whether 
in these compounds one of die ' tnolecnles of triphenylmethyl is attached 
to the beniene ring in a manner similar to that in the tri^ienylmethyl' 
aromatic-hydrocarbon compotmds, and the other one to the nitrogen is 
a matter of conjecture. 

5. COMrOUHDS or mpHKNYl,lf XTHYI, with AlOlf ATK BYMOCAtaONS. 

A oompound of tfi|riKuy methyl with benaene has already been noticed 
in a previous paper. The tendency of triphenylmethyl to combine with 
aromatic hydrocubona is a general one, and compounds similar to that 
with benzene have been prepared with toluene, ethyl benzene, and with tbt 
xylenes. The methods of prqiaring and analyzing these compounds were 
identical with those employed in the work with the esters, 
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the constituents of the triphenybnethyl-cster compounds. Their empirical 
formuUe may therefore be written [(CtHi)/^ji+ 1 mol. hydrocai1>oa. 
There is a grctf difference between the bdiavior of theM hydrocarbon 
s and that of the crystalline body, triphenylmethane + bensene. 
11 die bcacesie of cryitallizatiott may be rapidly removed from 
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tripherylmethane, while the loss in weight of the beiucne compound of 
triphenylmcthyl, when similarly treated, is very slow. Again, the gen- 
erality of the combination of triphenylmcthyl with so many different 
aromatic hydrocarbons makes it probable that the phenomenon is in some 
way connected with the peculiar structure of the beniene ring. The facts 
now known do not warrant the assigning of any constitution to these 
compounds, at least not until a further study has been made of the 
behavior of triphenylmethyl ' with other hydrocarbons, saturated and 
unsatnrated- 

6. OOUPOUNOS WITH UNSATUKATED ALIPHATIC HVMOCARBONS. 

The only member of this class of solvents which was at hand in 
■ sufficient quantity for experiments was amylene. Its behavior toward tri- 
phenylmcthyl is entirely analogous to that of the aromatic hydrocarbons. 
A number of samples of its compound with triphenylmethyl were pre- 
pared by dissolving triphenylmethyl in very pure carbon disulphide and 
when the solution had cooled, adding an excess of amylene. The com- 
pound soon begins, to separate out in a most beautiful crystalline form, 
in spite of the presence of carbon disulphide. 

I/Ms Found 
1. 155 R. Sbst lost on heating to too°, 0.141 g. 12.31% 

0.863 g. Sbst. lost on heating to 100°, 0.105 S- "'7 

Loss Calculated for [(CJf,),CI.+ i mol. amylene 12.6 %. 
The iodine numbers of the amylene used for dissolving the triphenyl- 
methyl and also of the distillate obtained from one of the analyses were 
taken, and found to be of the same order of magnitude. The solid residue 
left in the boat after the amylene had been driven off by heating, gave 
peroxide on exposing its benzene solution to air. A sample (3.7i6g) of 
amylene compound, which contained g.54% of amylene when first pre- 
pared was placed in a small dessicator over sulphuric acid and parafline, 
the air having been displaced by carbon dioxide. During five days stand- 
ing with frequent exhaustions and refillings of the dessicator with carbon 
dioxide the sample lost aoyag. i£gag of this was then heated to 100° 
and lost o.isig or 8%. A sample of the same compound, when first 
prepared, gave a perfectly normal amount of peroxide (87.3%) after cor- 
rection for the amylene content, thus showing that in spite of the stability 
of the combination a condensation in which full carbon valences have been 
saturated has not taken place. 

7. COMPOUNDS OF TRIPBBIIVI,lieTHYI. WITH PKTKOLEUH ETHRK. 

In the discussion of the petroleum ether compounds of triphenymethyl 
the following abbreviations will be used: P. E. for petroleum ether, K. 
P. E. for Kahlbaum's petroleum ether, and A. P. E. for American petro- 
leum ether. 

While attempting to prepare a confound of Iriphenyltnethy] with 
naphthaletie by bringing them together in a P. E. solution, it was foniid 
that UK..tr^henyltiiethyl combined, instead of with tlie naphthalene, with 
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■ome cotutitiieat of the P. E. The ftction of P. £. alone upon triphenyl- 
mediyt wu then tried. As ordinary K. P. E. (75-90') had been used 
in the first experiment, benicne free P. E. from the same firm wu next 
tried,— but with similar results. Samples of A. P. E and K. P. E. were 
then carefully purified. Aromatic hydrocarboiu were removed by shaking 
with frequently renewed nitrating mixtures for ten hours. The unsat- 
urated hydrocarbons were then removed by shaking with a strong, alka- 
1i|M permanganate solution for four or five hours. After drying and 
boiling with sodium the P. E-'s were distilled over sodium. The portions 
of these purified P. E.'s boiling from 8em)o° were used for dissolving 
the triphenylmethyL Owing to the slight solubiltty of tripbenylinethyl in 
P. E., large quantities of the solvent (50 cc. for 6-7g) had to be used, 
and even then it was necessary to heat the mixture to boiKng in order 
to obtain a dear st^ution. On cooling, the solution deposited clear crys- 
tals, which contained in general about 15% of P. E. The conditions 
necessary for the formation of these compounds were next invest^tcd. 
It was found that when triphenymethyl is dissolved in a few cc. 
of pure carbon disulphide and to this solution, when cold, is added P. E. 
at room temperature pure triphenylmethyl crystallizes out. It was further 
found that atbtm disulphide in itself does not prevent the formation of 
the triphenylmethyl— P. E. compounds,- for when carbon disulphide is 
added to a previously heated and warm P. E. solution of triphenylmethyl, 
die crystals obtained on cooling craitain combined P. E. It seems, there- 
fore, rcaswiahle to conclude that the formation of these compounds is in 
some way coimectcd with the heating of the P. B. solution. A number 
of samples of the triphenylmethyl- P. E. compounds were then prepared 
from solutions in different P. E.'s and after drying thoroughly in a 
vacuum were analyzed. 
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It seems very improbable that such a large constant percentage of P. E. 
as is shown by the table could have been mechanically occluded by the 
crystals of triphenylmethyl. Other substances, as triphenylchlormethane 
and triphenyl carbinol, were recrystallized from the same P. E. as used 
for the above work, but every trace of the solvent Could be removed from 
the unbroken crystals by drying in a vacuum ten to fifteen minutes. The 
triphenylmethyl -P. E. compounds, on the other hand, even when finely 
pulverized, give up Uieir P. E. but slowly in a vacuum, as the following 
experiments show. 35i3g of finely pulverized «>mpound, which contained 
—as — 
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Ii.a% of F. E. lost in vacuum over tulphuric add and paraffine in one 
hwr oon. i.<)i3g of the Mme compound, pulverized in an agate mortar, 
lost dung twenty-four houn in vacuum ox>3fg. 

The distillatn from a number of uialywi of the compound obtained 
from K. P. E. were saved, and 2-3g of the liquid were collected. An 
attempt was made to fractionate this ItquitL but the boiling point rose 
steadily from 70-90°. A deterniination of its average boiling point bf 
the Sehleiermacher static method' gave 75°. Vapor density determinations 
were then made by the Bleier-Kohn method upon the liquid redistilled 
above and also upon a number of distillates from Other separate analyses. 

K P. E. mol. wt. found 89,6, 894; Calc. for C%H»=83. GH,*=gS. 

A. P. E mol. wt, found 93.5; Calc. for (%Hi.=84, C.Hi.=9& 

A number of combustions made upon the same distillates as the 
vapor density determinations gave the following results: 

•bleh Tri- SubataBce C O, B^ C found M foaad 
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[Hied In pu. lasmi. In (ma. Im percest iBpeicenl 



K. P. E Ordinary 0,1866 0,5974 o.aioB 87.30 12.54 

" - - . „ j^^ 

.- „ o.*« o.aitl 85.dS 1 

A. P. E. Purified 0.0917 



K. P. E Purified o.ijao 0.4227 0.1460 . _, 

■ " ". Purified 0.1845 05808 o.ajM ^.85 14.13 



Calc for CfHn C 87.5a H la.SO- 

CH. (n>5 and <io) C 85.70, H u.ja 
What it Ike nature and origin of thett sitbttancett 

From the analyses it is apparent that the liquid from K. P. E must 
consist of hydrocarbons belonging to the series Ci>Hm-» and thst from 
A. P. E. to the series C>Hh. Both distillates decolorize permanganate 
solution to some extent, but add neither bromine nor iodine, and camx>^ 
therefore, belong to the olcfine or acetylene series. Whether these com- 
pounds are of cyclic nature, one ring in the hydroearboo from A. P. E 
and two in those from K. P. E is impossible to say at present 

As to the origin of the substances three hypotheses suggest them- 
selves. First, it will be shown in this paper that triphcnylmethyl, under 
the influence of tunliiht, may act as an oxidizer and decompose benzene, 
itself being largely reduced to triphenylmethane. It therefore suggests 
itself, that under the influence of heat some saturated hydrocarbons of 
the P. E may be similarly decomposed by tnphenylmethyl, to form the 
new substances with which the still undecomposed triphcnylmethyl then 
combines. A complete working up of the reaction mixture has shown, 
however, that the by-products are not greater in amount than from any 
normal triphcnylmethyl solution (about 15^), and no appreciable quan- 
tity of triphenylmethane was found among them. Consequently the new 
hydrocarbons could not have been formed at the expense of the triphenyl- 
methyl. Second, triphcnylmethyl may crystallize from the P. E solution 
in combination with definite, saturated hydrocarbons therein present. Upon 

' Lassar-Cohn, Arbeits-Methoden III Anflagc p, 191. 
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heating these compoundt to 90-110°, the reactiAi which produces the nei* 
hydrocarbons that diitlll off might take place, again at the expense of 
the triphenylmethyl. Peroxide determinations made upon the residue 
' left after heating show, however, that it consists of almost pure triphenyl- 
methyl. No reaction, therefore, takes place during the heating of the 
solid compounds involving the decomposition of triphenylmethyl. Third, 
there may be present in the P. E. some hitherto undescribed substances, 
not removed by the process of purification, which triphenylmethyl, under 
the influence of heat, singles out and with which it nmibines. On account 
of the difiiculties of obtaining these volatile hydrocarbons in quantities 
large enough to work with, and the uncertain, complex nature of P. E, 
it is best to leave this question an (q>en one, till the behavior of triphenyl- 
methyl with saturated and unsaturated aliphatic and cyclic compounds ^can 
be further investigated. 

8. nHAVIOK or niPHENVLMETHVI, WITH CAUON DISULPHIDK AND CBLOBOFOSM. 

A number of attempts were made to prepare compounds of triphenyl- 
methyl with methyl, ethyl and isopropyl alodiols. On account of the 
extreme insolubility of triphenylmethyl in these alcohols, it was found 
necessary to employ, in addition, other solvents such as carbon disulphide 
and chloroform. 

Experiment I. 5g. of triphenylmethyl were dissolved in locc. of 
chloroform and I7cc. of warm ethyl alodiol added. On coaling the solu- 
tion an oil separated out which became crystalline on placing the apparatus 
in snow over night. These crystals, after washing with volatile petroleum 
cdter and drying in vacuum, lost on heating to 110° iia% in weight. The 
liquid which distilled off during the heating was analyzed and was found 
to be about half chloroform. 

Expermient II. Experiment I was repeated but the crystals were 
washed 7 times with absolute alcohol and then 4 times with volatile 
petroleum ether. After i^ hours drying in vacuum they contained 6.7% 
ot volatile liquid, which liquid was found to be 72% chloroform. 0;8ii7g. 
of the original substance was then finely powdered and dried for iH 
hours in a vacuum. The loss in weight was 0.3%. This same sample 
was then heated to 110° in a stream of carbon dioxide and lost 6.18%. 

These experiments and others of similar nature show that the chloro- 
form in the crystals cannot be merely mechanically occluded but must 
be present in some weak fonn of chemical combination which we are 
not 'in a position to define closer at present. 

Experiment III. Experiment I was repeated using carbon disulphide 
instead of chloroform. On heating, 10.35% of volatile liquid was found 
in the crystals. The condensed liquid from the analysis had a high refrac- 
tive index and die odor of carbon disulphide. Water shaken with it 
gave only a faint iodoform reaction, showing almost complete absence 
of ethyl alcohol. 
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Experiraent IV. tig. of tripbenylmethyl were dissolved in 15CC of 
reihly purified cart>on disulphidc When the solution was cold 35cc. of 
dM purified petrdeum ether were added. Crystals formed on leaving 
le apparatus in snow over night i-45^. of these crystals lost 0.5% on 
eating to tio* for one hour. 

Experiment V. 8g. of triphenylmethyl were dissolved in carbon 
isulphide and treated as in V except that the apparatus stood at room 
nnperature over night. W^-tfiTi- of the crystalline product lost at 110°, 
456g. or 9.94%- (b) 0.34<g. of the same product, finely powdered, lost 
.14% on drying for aH hours in a vacuum. The liquid which distilled 
B in (a) was analyzed and found to be 75% carbon disulphidc. 

That triphenylmethyl under favorable conditions should combine with 
arbon disulphidc is not surprising. The fact that sulphur changes its 
alence so readly from > to 4 would lead us to expect the formation of 
uch addition compounds. A study of the behavior of triphenylmethyl 
:>ward mercaptans and other sulphur containing solvents will probably 
urow light on this question. 

All of the addition compounds of triphenylmethyl which have been 
escribed in this paper give the characteristic reactions of triphenylmethyL 
'heir solutions in the presence of oxygen all give peroxide, and Otef 
rill all add on iodine to form triphenylmethyl iodide. It is certain thai 
] the solid slate these compounds alt contain combined solvent held mudi 
wre firmly than is ever the case with so-called solvent of crystallization. 
n the case of the esters, ketones, and ether-compounds the combination 
I undoubtedly through the additional two valences of an oxygen atom 
list as in the oxonium salts, whose formation is assumed to be due to 
te tendency of oxygen to become tetravalent. In the oxonium salts too, 
lie combination between the oxygen and the acid is so weak that sold- 
ions of the salts react as if all of the acid was present in the free state. 
n solutions of both the triphenylmethyl compounds and the oxonium 
alts there is then an equilibrium between the combined forms and the 
roducts of their dissociation, i. e., triphenylmethyl and ester, and acid 
nd ester. If one of these products of dissociation, triphenylmethyl or 
tc acid, is combined by the addition of some reagent then the dissoda- 
:on will progress further till all of the triphenylmethyl or add has been 
reed and used up. The manner in which the extra valences of oxygen 
re held by triphenylmethyl will be discussed further on in this paper. 
Lt the present time there seems to be no satisfactory hypothesis to exf^ain 
le fonnation of the compounds of tri[^enylmethyl with hydrocarbons. 

VI. EFFECT OF LIGHT UPON TRIPHENYLMETHYL. 
In a previous paper* it has been pointed out that when i% solutioiu 
'Ber. d. chem. Ges. 37, 1^41 (1904). 
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of the sneral analogues of triphenylmethyl, protected from air, are kept 
for come time the (olutions gradually become decolorized and at the 
same lime the substances lose their unsaturated character. We have now 
deared up the cause of this peculiar change, and found it to be due to 
the effect of light upon these compounds. The analogues of tripheivl- 
methyl are apparently more sensitive to the influence of light than tin 
latter itself. While soIuticMU of triphenylmelhyl have been kept for longer 
than a year in diffused light with but slight decomposition, solutions of 
nearly all of its analogues lost their color under the same condition in 
about two months. The naphthyldiphenylmethyl compound alone, still 
retains considerable color after five months exposure. AH of the earlier 
work upon trtphenylmethyl was done in a poorly lighted room, so the 
effect of light was overlooked till the past spring, when, after a change 
to a lighter room, much trouble was experienced in obtaining pure tri- 
pbcnylmcthyL This difficulty has been found to be doe to the presence 
of products formed by the action of light upon the hydTocar1>on daring 
the process of its preparatioa 

We find that a solution of trii^ienylmethyl in benxene, when exposed 
to direct sunlight rapidly decolorize*, the length of time necessary for 
complete decolorization depending upon the concentration of the solutimi 
as well as the thickness of the layer exposed. Three or four hoill's of 
bright sunlight will decok>riic a 15% solution of tripbenybncthyl in 
benzene when scaled in a specimen tube of i cm. internal diameter. In 
carbontctracbloride the reaction is more rapid, ope hour being sufficient 
for decolorization, while in carbon diiulphide the change is very slow, due 
probably to the cutting out of the actinic rays by the intense red color 
which the solution soon assumes. The total weight of products of the 
decomposition of triphenylmethyl In benzene solution by light, after all 
the benzene has been evaporated, is about 105% of the original triphenyl- 
methyl taken. Of this the chief product is triphenylmcthane, about 65%, 
while the rest consists of substances insoluble in ether, about 25%, and 
a strongly aromatic oil. The mixture insoluble in ether contains at least 
two substances, one melting at about 337°C. and the other at 194'C. These two 
bodies are very difficult to separate from each other as well as from traces 
of peroxide. The effect of direct sunlight upon tripbcnylmethyl in car- 
bonteirachloride solution is very different from the above described effect 
in benzene. No triphenylmetbanc was found, but there was formed about 
50% of an oil along with a mixture of crystalline substances which so far 
have not been identified. This difference of behavior in the absence of a 
hydrogen containing solvent, taken together with the increase in weight of 
total products during the reacticm in benzene, indiattcs that the beozene 
enters into the reaction. That alcohols and ketones may, in the sunlight, 
act as reducing agents uptu) organic compounds dissolved in them, ia 

—39 — 



,9 lized'y Google 



well known from the woric of Ciamkian tmd Silber.' Apparenttj also in 
the effect of li^t upon tripbenylmethyl and its aiulogucs the solvent 
benzene. actually acts as a reducing agent. This behavior of triphenyl- 
niethrl toward light is somewhat analogous to that of tetraphenyt-p-xylylene 
recently described by Thicic,' and also partly to that of disubstituted buta- 
diene dicarboxylic add anhydrides observed by Stobbe.' We may also 
mention in this connection that while Kahlbaum's triphenylmetbane gives 
on exposure of its benzene solution to direct sunlight small amounts of an 
insoluble body, (probably para-anthracene), carefully purified triphenyl- 
methane gave no trace of such product even after two months of exposure 
to direct sualight. 

VII. THE CONSTITUTION OF TRIPHENYLMETHYL.' 
The hjrpothesis put forth by Prof. Gomberg in his first paper on 
tripbenylmethyl, that this substance is best represented by the simple 
formula (CiH>)iC, is in harmony with all of its diemical pri^rties de- 
scribed in this and in previous papers. Now, however, since the molecular 
weight of the substance has been shown to be twice that which would 
be required by this simple hypothesis several suggestiofu of structures 
that would be in harmony with thb new fact have been made: (i) 
Heintschcl* has suggested a quinoid structure which would make tripbcayl- 
methyl appear as a derivative of di|dienyl; 

H 

(GiH^C:C>-^0:C(CIU 

(3) Tsdiitschibabin,* Hantzsch,* and others have thought that tripiienji- 
methyl might be in reality hexaphenylethane ; (3) Jacobson* has sug- 
gested a quinol like structure, 

and (4)> Gomberg and Cone* have thought that triphenylmethyl should 



'Ber. d. chem. Ges. 34, 1532 (igoi). 

*Ber. d. chem. Ges. jj, 1465 (igo4>. 

*Ber. d. chem. Ges. J7, xt^ (1994)- 

* In order to make this discussion of any value references to the 
litM^ture up to June, 1907, have been included, although the actaat experi- 
mental work included in this thesis was finished by June, 1905. 

*Ber. d. chem. Ges. j6, 330^ 409 (1903). 

•Ibid. 40. 36?. (1907) 

'Ibid. S9> 3478 (1906)- 
- *Ibid. j^, i(^ (ig^. 

•Ibid.^, 3453 {190s). 
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be sdll represented bjr the simple formula (CJIi)iC but that in Mdiidoa 
it exists aModated into a dimolecular complex exactly as do a great 
many other wibstaocei as e. g. acetic add. 

(i) The suggestion of Heintsdiel is entirely inadequate for (he 
reason that it is contrary to experience to assume that a diphenyl deriva- 
tive would so readily break the linking between the two phenyl groups. 
Willstatter'a* recent work on di^Mnoquinone, which was fotmd to be 
very stable, fully confirms this view. 

(2) The arguments that have been put forth in favor of considering 
tri^tenylmethyl as identical with bezatfienylethane are two in mtndier: 
First, triphenylmethyl has in solution the same molecular weight that 
hexaphenylethane would have. Second, pentairficnytethane as compared 
with tetrai^ienylethane is easily decomposed and it may therefore be coo- 
duded'that hexapbenylethane would be still more unstable, even perh^s 
as unstabe as triphenylmetbyl itself. These arguments make no distinctioa 
between triphenylmetbyl in solution and in the solid state. In solution 
triphenylmetbyl is intensely ctdored white in the solid state it is colorless 
and it cannot, therefore, be represented by the same formula in both 
conditions. In solution triphenylmetbyl cannot be hexapbenylethane, as 
will be shown conduiively in the next paragraph. As to what is the 
structure of triphenylmetbyl in the solid state, at present the facts known 
do not warrant saying definitely, it may be either hexsphenylethane or it 
may be tiie free radicle (CJI.}. C. 

(3 and 4) At the time that the suggestion of the quinol like structure 
was made 1^ Jacobson there was nothing to support such an assumption 
beyond the molecular weight of triphenylmetbyl. Gomberg and Cone 
considered that all of the chemical reactions of triphenylmetbyl could be 
exj^ained better by their simple assumption of association of triphenyl- 
methyl into a dimolecular form. This assumption would also be in har- 
mony with the results of the molecular weight determinatitms. Since 
this suggestion of association was made by Gomberg and Cone they have 
tested the validity of the quinol formula of Jacobson by studying the 
action of metals upon halogen substituted tripbenylmethylchlorides.* If 
a tri-p-halogen substituted triphenylmethylchloride is treated with mole- 
cular silver it should form an unsaturated body entirely analagous to tri- 
^enylmethyl. This unsaturated compound should have a halogen atom 
in the place of the quinol hydrogen atom in the simple triphenylmetbyl, 
attached to the carbon atom marked with the star (*) in the above formula 
of Jacobson's. Such a halogen atom should be labile and it should be 
poisU>le to remove it by shaking tBis compound further with molecular 
silver. If Jacobson's formula represents the true state of affairs in tri- 
phenylmethyl, then, when a p-halogen derivative of triphenylmethylchloride 

• Ber. d. chem. Ges. jf, ia34 (<90S)- 
'Ber. d. diem. Ges. jp, 3374 (1906). 
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